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AGGREGATION OF COBALT (II) TETRASULFONATED
PHTHALOCYANINE IN METHANOL-WATER SOLUTIONS

1. INTRODUCTION

In 1971 Abel and coworkers' discovered that the cobalt (11) tetra-
sulfonated phthalocyanine (TSPC), figure 1, binds oxygen reversibly as
do oth-r cobalt (II) complexes with Schiff bases, prophyrins, corrin, or
dimetivrgloxime. 2,3 Abel's discovery led to further work with oxygenated
metal 'iSPC complexes4-11 and helped to stimulate work with metal TSPC
complexes as mimics of biological oxygen 12 as well as oxidation

catalysts in homogeneous solution 1-3 and on various supports.'

R

N M N

=~~~R • '"N" '"

R

R = S0 3 Na (TSPC)

M = Co++; Cu++

Figure 1. Structure of Metal Phthalocyanines

Metal TSPC complexes aggregate in aqueous solution 3S-5 in concert
with other dyestuffs" which means that equilibrium constants for aggrega-
tion are needed to determine conditions in which the particular species exist
in solutions of such complexes. We are interested in whcther metal TSPC
complexes, particularly cobalt (I1) TSPC (CoTSPC), catalyze reactions of
oxygen with thioethers and organophosphonates in mixed solvents containing
water as one component. The organic cosolvent is necessary to increase the
solubility of the hydrophobic thioethers. Thus, experiments are required to
determine equilibrium constants for aggregation of the metal TSPC complexes
in such mixed solvents.

Abel and his coworkers measured dimerization constants of CoTSPC in a
series of methanol-water and ethanol-water solutions ranging from pure water
to 50 percent by volume of alcohol. These measurements were restricted to
a single temperature (200 C), so no enthalpy or entropy values of dimeriza-
tion are available. 52 By contrast, Blagrove and Gruen7 measured these
thermodynamic parameters for the dimerization of CoTSPC, but their measure-
ments were restricted to a single alcohol -water mixtur- (20 percent by volume
of methanol or ethanol).

9



This report begins to bridge the gap between these two extremes by
measuring the enthalpy and entropy of dimerization for CoTSPC in a series
of methanol-water mixtures over a range of temperatures.

2. MATERIAL AND METHODS

2.1 Preparation of [29H,31H-phthalocyanine-2,9,16,23-tetrasulfonate(2-)-

N 2 9 ,N3O,NiNi 2 ] Cobalt (CoTSPC).

This material was prepared by the method of Weber and Busch"e using
the sodium salt of 4-sulfophthalic acid, ammonium chloride, urea, ammonium
molybdate, and cobalt sulfate heptahydrate in hot nitrobenzene. The purifi-
cation procedure for this 0.05-mole scale reaction differed slightly from the
publishied method. The crude, dark-blue product was broken apart with a
spaiula, rinsed with 400 ml methanol, and was finely ground in a mortar.
The resulting blue powder was dissolved in 1.1 liters of IN HCl saturated
with sodium chloride to give a deep blue slurry that was briefly heated to
reflux, then was cooled to room temperature and filtered. The air-dried
product was dissolved in 700 ml of 0.1N sodium hydroxide, heated to 800 C
and filtered (no residue). Sodium chloride (270 gin) was added to salt-out
the product. This slurry was heated with stirring at 800 C for 3 hours
while ammonia evolved. Upon cooling to room temperature, the product was
isolated by filtration. This reprecipitation was repeated twice, and the final
precipitate was washed with 1.8 liters of 80 percent aqueous ethanol to re-
move occluded NaCl. A convenient final purification was achieved by wash-
ing the blue powder in the thimble of a Soxhlet apparatus with hot 95 per-
cent ethanol for 18 hours. The product was then dried in vacuo for 2 day,
to give 22.0 gm (54 percent) of the desired CoTSPC as determined by UV-

VIS spectroscopy.

2.2 Methanol-Water Solutions.

Reagent-grade methanol and deionized, distilled water were used to
make the methanolic aqueous solutions. The composition of these solutions
was determined by measuring the density of 5-ml aliquots of each solution.
Calibrated volumetric flasks and pipettes were used in these measurements.
Appendix A contains details of these determinations.

2.3 Spectrophotometric Measurements.

All spectrophotometric measurements were made in a Beckman Model
25 UV-VIS spectrophotometer, using a 1-cm cell path length. The CoTSPC
solutions were equilibrated for at least 30 minutes in a water bath that was
also connected to the cell compartment of the instrument. The solution was
transferred to the spectrophotometer cell and allowed another 3 to 5 minutes
to equilibrate. The temperature of the solution was recorded with the
thermocouple in the cell compartment that is integral to the spectrophotometer.
This thermocouple was calitrated against an NBS thermometer. The water
bath kept the cell compartment temperature within ±0.10 C.

i0
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2.4 Determination of Dimerization Constants.

The absorbance of a solution in a 1-cm cell containing only monomer
and dimer is

A eM [M] + .D[](1)

where A = absorbance,

cM = molar absorption coefficient, monomer, M- • cm-

,D= molar absorption coefficient, dimer, M- 1 cm¾,

* [M] = monomer concentration, M, and

[D] = dimer concentration, M.

The equilibrium between monomer and dimer is

K = [D]1/[M] 2  (2)

where K = dimerization constant, NI-1.

The total concentration of CoTSPC, [Col, is

[Col = [M] + 2(DI (3)

Equations (2) and (3) can be combined to give the monomer concentration
in terms of total CoTSPC as

-I + '41 + 8 K o'(4

(2)_4_ -+ Z

With equations (2) and (4), one can rewrite equation (1) in terms of the

experimentally accessible total concentration of CoTSPC as

A 1M +V1 ++ 8K_ [C']+[Co] - -1 + V 1+ _8K [Co])(5

In an earlier report, 59 we described a method based on Monahan's
technique"° by which both the monomer and dimer molar absorption coeffi-
cients were determined simultaneously. A series of solutions with different
CoTSPC concentrations was made with aliquots from a stock solution of
CoTSPC. The absorbances of these solutions were measured at 662 nm, the
maximum absorbance of the monomer. A nonlinear, least-squares program 6

1

based on the Gauss-Newton technique was used to fit the measured absor-
bances versus CoTSPC concentrations to equation (5). The program found
best-fit values of M' E&D, and K. Absorbance measurements were repeated

at various temperatures and mean values of c. and cD were determined.

11
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This experiment was repeated with four stock CoTSPC solutions yielding
mean values for cm and cD of 9.6 ±0.6 x 104 M- 1 cm" and 7.6 ±0.8 x

104 M_ I cm-1, respectively, with the error representing the sample standard
deviation among the four stock solutions. These values of C. and cD were
used to fit absorbances versus [Col with equation (5) to obtain K.

These same values of Em and cD were used to compute the dimerization

constant of CoTSPC in methanol-water solutions. Both Abel, 52 and Gruen
and Blagrove 5 have shown that the molar absorption coefficient of the
monomer is unchanged in water and 20 percent by volume solution of methanol-
water or ethanol-water. In our earlier report, 55 we measured the monomer's
molar absorption coefficient in 20 percent by volume ethanol-water and ob-tained a value of 1.0 x 10 M- 1 cm" 1 at X = 662 nm in a 10" M solution of

CoTSPC. Other reported values for the monomer's molar absorption coefficient
are 1.03 x 10 5 M- 1 cm- 1 at X = 663 nm determined by heating a water solution
until the absorbance was unchanged,"' 1.2 x 10' M- cm-' at X = 663 nm
determined by dilution in an ethanol-water solution, s and 1.04 x 105 M- 1 cm- 1at X = 662 nm determined by dilution in methanol-water mixtures. s

3. RESULTS AND DISCUSSION

3.1 Dimerization of CoTSPC in Water.

Detailed results on the dimerization of CoTSPC were reported earlier. "9
Since the dimerization constants in water are the starting point for discussing
the effect of methanol on the dimerization of CoTSPC, the following paragraphs
review our results.

Figure 2 illustrates a spectrum of a 1.17 x 10-s M solution of CoTSPC be-

tween 600 and 700 nm that was heated to 700 C and allowed to cool to room
temperature. The shoulder near 620 nm grew and the peak near 660 nm de-
creased as more dimer formed at the lower temperature. The presence of
the isosbestic point at 634 nm was taken as evidence that only monomer and
dimer existed at this concentration. To avoid interference from higher
aggregates, subsequent stock solutions were made no more concentrated
than 1.2 x 10-5 M.

Table 1 summarizes the dimerization constants measured in pure water,
which include dimerization constants measured with fresh stock solutions of
CoTSPC in order to check the self----nsistency of our method to determine
dimerization constants.

he
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Figure 2. Absorbance of CoTSPC in Water at Vario)us Temperatures
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Table 1. Dimerization Constants of CoTSPC in Watera

b cT KM-', X 10.' K,M-'. X 10.5

CC

16.1 4.2 ±o0.2 ---
20.1 2.0 t±0.2 3.1 ±0.1
24.2 2.4 _0. 1 ---
24.9 --- 2.1 ±-0.08
29.6 1.8 ±0.05 1.6 ±0.09
34.2 --- 1.2 ±0.07
34.6 1.2 ±0.05 ---
41.0 0.81 ±0.04 0.75 ±0.04
45.6 0.60 ±0.03

aError expressed as sample standard deviation.

bDetermined with solutions used to establish values for molar adsorption

coefficients.

CDetermined with new stock solutions of CoTSPC using eM 9.6 x 104 M- cm-I

and ED = 7.6 x 104 M-I cm-1.

Since the dimerization constants were measured in dilute CoTSPC solutions
(10-1 - 10-1 M), one can assume that these dimerization constants represent
the tharmodynamic equilibrium constants from which the standard free energy,
LFO, can be determined through the familiar expression

AFO = -RT In(K). (6)

The temperature dependence of AFO can then be used to determine the
standard-state enthalpy and entropy of dimerization.

Figure 3 illustrates a plot of In(K) versus I/T suggesting that the
enthalpy is independent of temperature. Values of AE- and 6S° were then
determined with the nonlinear, least-squares program by fitting the data in
table 6 to

AHO ASo0
K = EXP ( R-T + R (7)

The best-fit values of AH' and AS0 are -12.0 ±0.03 kcal/mole and -16 ±1
cal/mole-K, respectively, with the error expressed as the standard deviation
of the mean, an output of the program. 6 1 Table 2 compares dimerization
constants calculated with the best-fit values of AHO and ' SO with the
experimental values. Table 3 lists the results EyringL1 obtained for the
thermodynamics of CoTSPC dimerization from kinetic and spectrophotometric
methods at 38, 48, and 580 C.
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Figure 3. Temperature Dependence of CoTSPC Dimerization Constant

in Water
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Table 2. Comparison Between Experimental Dimerization ConstantaaWith Those Calculated With Best-Fit Activation Parametersa

T K, Exp't K, Fit

xC M- I0- M-1 x 10-

16.1 4.2 4.1

20.1 3.01; 3.1 3.1

24.2 2.4 2.3

24.9 2.1 2.2

29.6 1.8; 1.6 1.6

34.2 1.2 1.2

34.6 1.2 1.2

41.0 0.81; 0.75 0.78

45.6 0.60 0.59

•HO =-12.0 ±0.3 kcal/mole; ASO = -16 ±1 cal/mole - K.

Table 3. Thermodynamic Parameters for CoTSPC Dimerization in Water

AMH ASO Method Reference

kcal/mole cal/mole-K

-12.6 ± 1 . 3 a -14 ±4 a ratio of rate 41
coefficients

-14 ±0, 9 a -18 ±3 spectrophotometric 41

-12.3 ±0.3a -16 ±1Ib spectrophotometric this work

aError estimated by authors.

bstandard deviation of the mean.
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3.2 Dimerization Constants in Methanol-Water Solutions.

Table 4 lists the composition of the methanol-water solutions as determin-

ed by density measurements.

Figure 4 illustrates the spectra of CoTSPC dissolved in these solutions
between 600 and 700 nm where the peak near 660 nm grows as methanol
concentration increases. The isosbestic point at 634 nm is indicative of a
two-state equilibrium as well as the insensitivity of the molar absorption
coefficients to methanol.

The experiments were performed in triplicate with three Co stock solu-
tions labelled A, B, and C yielding CoTSPC concentrations of 4.92 x 10- 6 M,
5.09 x 10-6 M, and 5.14 x 10"6 M, respectively, after dilution in methanol-
water solutions. The remaining results for the other temperatures are listed
in Appendix B.

Table 5 lists the absorbances measured for methanol-water solutions at
15.70 C along with the dimerization constants computed from equation (5) with
s and cD fixed at 9.6 x 104 M- 1 cm- 1 and 7.6 x 10• M- 1 cm respectively.

Table 6 summarizes the dimerization constants measured in methanol-
water. One sees a steady decrease in the dimerization constent with in
creasing temperature or with increasing methanol content. Tnis trer"
be made more evident through a plot of AFO versus methanol mole .
as shown in figure 5. The values in pure water at these temperatu -,re
calculated from the All 0 and ASO determined previously" (table 7).

Abel and coworkers" 2 interpreted the steady decrease in aggregation
with increasing methanol as evidence for the specific interaction of water in
the CoTSPC dimer as expressed by

K = [D]/[M] 2  [H0]20 (8)
W.1

where n was found to be 12 for both methanol-water and ethanol-water
solutions from plots of ln(K) versus ln(H 2 0).

The dimerization constants in table 6 were also fit with a linear, least-squares
program to

In(K) = a + b ln[H 201 (9)

Table 8 summarizes the slopes determined at the various temperatures.
One sees that the slopes are larger than Abel obtained, and the slopes vary
with temperature. One might have expected n to be independent of tempera-
ture. A further test of Abel's hypothesis will be made through the determina-
tion of the enthalpy arid entropy of dimerization in the methanol-water solutions.
If the role of methanol is simply to dilute the water available to interact with
the monomer, the enthalpy of dimerization should not vary as one adds methanol.
The next section addresses the temperature dependence of CoTSPC dimerization
in methanol-water.

X
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Table 7. Dimerization Constants of CoTSPC in Water at
Temperatures Used in Methanol-Water Experiments

K, M-1, x 10" -AFo -TASo T

- Kcal/mole Kcal/mole °C

4.23 7.44 4.51 15.7

3.10 7.34 4.58 20.1

-• 2.21 7.29 4.66 25.0

1.76 7.24 4.71 28.4

1.19 7.15 4.80 34.4

0.816 7.05 4.90 40.5

0.641 6.99 4.96 44.5

aa

aCalculated with LHO -11,947 cal/mole and LSO -15.616 cal/mole-K.
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Table 8. Slopes From Plots of In(K) Versus ln(H 20)
at Various Temperaturesa,b

T Slope

15.7 14.5 =0.3

20.1 16.4 ±0.6

25.0 17.2 ±0.6

28.4 17.7 ±0.7

34.4 18.9 ±1.1

40.5 23.2 ±3

44.5 16.3 ±0.6

aError is standard deviation of the mean.

bBest-fit values of lnK from least-squareb fit of InK versus In(H 20)

are listed in appendix C.

3. 3 Temperature Dependence of Dimerization Constant of CoTSPC in
Methanol-Water Solutions

Figure 6 illustrates a plot of ln(K) versus I/T for the data from
table 6. It is evident from figure 6 that the data for the methanol-water
solutions are curved, which is indicative of a non-zero heat capacity for
the dimerization. To test this trend more quantitatively, we have elected
to treat the dimerization constants with an expression devised by Blandamer,
Robertson and coworkers. Blandamer and coworkers have questioned the
physical significence of values obtained from least-squares treatment of the
temperature being fit have unit correlation coefficients. 62 They propose
the following expression63 for determining activation parameters as well as
checking the temperature dependence of AHO:

K =lK EXP T( +In(R )-++ (10)

where K = equilibrium constant at T,

Ko= equilibrium constant at To,

L!Ho= standard enthalpy at To, and
0. 0

C= standard heat capacity.
p
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This equation is obtained from integration of the vant Hoff isochore between
T and T, assuming ACp is independent of temperature. The quantities, K

0 p
and K0 , are equilibrium constants at T and T0 , respectively; and AHO is the

enthalpy at T0 . For a set of K and T data, any pair are selected as Ko and

To, and the remaining values fit to equation (10) to find best-fit values of AH0

and To and AC 0 . The calculation is repeated with new values of K and T until0p 0
values of LHO and ACO have been obtained for each value of T in the data set.

p
The nonlinear, least-squares program was modified for fitting the K and

T data in tables 1 and 6 to equation (10) in which LHO and AC0 were para-
p

meters to be fit while K and To were inserted as fixed parameters. Table 9

summarizes the results of determination of LHO and "'C0 for the dimerization of
p

CoTSPC in water. One sees that the enthalpy is independent of temperature,
and the mean value of AH 0 , -12.0 ±0.6 kcal/mole (error representing sample
standard deviation), is identical to the value of -12.0 ±0.3 kcal/mole obtained
from the fitting the K and T data to equation (7).

Table 9. Results of Calculations to Determine ALH for
CoTSPC Dimerization in Water With Equation (10)

T 3H 0  ACp°
0C kcal /mole cal/mole-K

16.1 -12.4 ±0.6* 28 ±68*

20.1 -11.2 ±0.8 54 ±95

24.2 -11.1 ±0.7 -156 ±117

24.9 -12.3 ±1.0 154 ±151

29.6 -11.4 ±0.5 -230 ±118

34.2 -12.2 ±0.7 - 39 ±117

34.6 -12.0 ±0.7 - 63 ±108

40.1 -12.7 ±0.8 - 80 ±87

45.6 -12.6 ±0.7 - 53 ±62

*Error represents standard deviation of the mean.
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Table 10 lists the results for the 0.44 mole percent methanol solution.
The heat capacity is clearly non-zero and not constant over the temperature I
range as shown in figure 7. Similiar results were obtained at each of the
other temperatures, the results of which are collected in Appendix D.

Table 10. Temperature Dependence of AC0 by Blandamer's Method I
for 0.44 Mole Percent Methanol P

T K, exp't, x 10- K fit, x 10-s AH/cal/mole LC0 , cal/mole-K
0 0C p

15.7 3.51 3.48 -13.0 ±0. 4a 142 ±4 3a

20.1 2.56 2.57 -12.8 ±0.5 178 ±62

25.0 1.82 1.85 -11.8 ±0.4 144 ±56

28.4 1.40 1.48 -11.6 ±0.6 282 t68

34.4 1.06 1.02 -10.1 ±0.7 111 ±100

40.5 0.740 0.703 -9.4 ±0.6 167 ±61

44.5 0.612 0.556 -8.9 ±0.5 154 ±47

aStandard deviation of the mean computed by nonlinear least-squares program.

Since ACO appears to be temperature dependent, the next step was to

fit the free energy to an expression in which ACO is linearly dependent on
ptemperature; such an expression for free energy takes the form of a power

series shown below. 64

AF° = A + BT + CT 2  (11)

One computes LHO, ASO, and AC0 in terms of A, B, and C, in the following
manner: a )F

Since Sp = LS, and T 2T ]p AC0 , then (12)

LSO = -B -2CT, and (13)

AC0  -2CT. (14)p
The enthalpy is computed from

LH-I : AFO + TAS° (15)
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i
which becomes

LH° = A - CT 2  (16)

The standard free energies of the dimerization constants were fit to
equation (11) using the nonlinear, least-squares program. Table 11
summarizes the results of this calculation with the dimerization constants
in 0.44 mole percent methanol, where one sees that the values of the
dimerization constants from the best fit AFO agree well with the experimental
values of K. Table 11 also lists the values of LH 0 , ASO, AC 0 , and TASO

p
at each temperature. Table 12 summarizes the values of A, B, and C for
each methanol-water solution, while Appendix E contains tables equivalent
to taole 11 for the other methanol-water solutions. It is of interest that
Brandts observed a similar temperature dependence for the free energy of
denaturation of proteins in ethanol-water solution. 6 5, 6 6

Since -C is proportional to AC 0 , a plot of -C versus methanol content

can be used to see how AC0 varies with methanol. One sees in figure 8
p

that the heat capacity of dimerization is positive, but irregular. The
corresponding enthalpy of dimerization is plotted in figure 9. Such patterns
also appear in the excess mixing properties in the "infinitely dilute" solutions
of alcohols and water. 61-69 One such property, the excess volume of mix-
ing, can be calculated for the methanol-water solutions in our experiments
from the density measurements made to determine the mole fraction of methanol
(table 4). Figure 10 is a plot of the excess volume of mixing at 260 C
versus methanol. The extrema in figure 10 correspond to maxima and minima
in figure 9 for the enthalpy of dimerization at either 250 or 280 C. Helper
observed the same irregular features in the thermodynamics of the ioniza-
tion of acetic and chloroacetic acids in methanol-water mixtures in which
extrema in the enthalpy corresponded to extrema in the excess enthalpy of
mixing. 70

Another feature of the thermodynamics of CoTSPC dimerization in
methanol, also evident in Helper's experiments, is the compensation between
the enthalpy and entropy which leads to small and regular changes in free
energy. Compare figure 5, the change in free energy with methanol, with
figure 9, the enthalpy versus methanol. Such compensation between AH°
and AS0 is also found in mixing alcohol and w 8,69 as well as in a number
of biochemical systems and in micelles. 72 Exner 7 1 , " has criticized on
statistical grounds the validity of assuming compensation exists if a plot of
AHO versus AS 0 is linear. Instead, Exner contends that compensation is
better illustrated by a plot of ln(K) at two seperate temperatures. Figure
11 shows that a plot of ln(K) at 15.70 C versus ln(K) at 40.50 C forms
a straight line.

Another view of the effect of methanol on CoTSPC dimerization is to
examine the thermodynamic transfer function, xXO, defined as the difference

in a thermodynamic quantity in a mixed solvent minus that in water. Figures12 through 18 illustrate LF1, £Hl, and TZSO at each temperature studied.
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Table 12. Parameters for Computing Thermodynamics of CoTSPC
Dimerization in Methanol-Watera

I
Mole Percent MeOH -A,kcal/mole B ,cal/mole-K -C ,cal/mole-K 2

0.44 29.972b +7.0 138.0b t45 0 . 2 0 6 4 b ±0.076

0.89 21.783 ±1.0 82.2 ±67 0.1106 ±0.11

1.81 34.550 ±8.5 168.4 ±56 0.2540 ±0.09

2.74 44.959 ±9.8 236.8 ±64 0.3644 ±0.11

3.69 52.769 ±6.7 285.5 ±44 0.4375 ±0.07

4.18 47.807 ±6.2 252.7 ±41 0.3826 ±0.07

4.65 38.541 ±6.4 192.0 ±42 0.2820 ±0.07

5.63 55.936 ±9.1 308.5 ±60 0.4747 ±0.1

7.17 48.977 ±1.1 258.6 ±70 0.3821 ±0.1

9.81 86.125 ±4.0 487.8 ±271 0.7237 ±0.4

'Errors represent standard deviation of the mean as computed by nonlinear

least-squares fit of AF = A + BT + CT 2

b Significant figures listed to compute the dimerization constant.

IR
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One sees that at low temperatures the addition of methanol causes a
decrease in both AH° and TASO, but the entropy change slightly dominates
leading to a more positive AF° and a smaller value of K. As the tempera-
ture is raised, small additions of methanol (<7 mole percent) cause AHO and

TAS 0 to increase, but with the enthalpy dominant, which still leads to an in-
t

crease in AFO and a corresponding decrease in K relative to that in water.
% t

These trends in AH and AS can be rationalized in terms of hydrophobic
bonding. Formation of a dimer from two monomers is enthalpically favoredS (-AH), since a bond is formed, but enthropically unfavored (-AS). Since
the monomer and dimer are hydrophobic molecules, one must also consider
structure-making in the hydration sphere. Since the dimer has less surface
exposed to water than the two dimer molecules, the net effect of dimerization
is to order less water in the hydration spheres, leading to a +AS and +AH
contribution to the overall dimerization process. Methanol is a structure-
maker in water, so when the hydrophobic monomer and dimer molecules are
placed in methanol-water solution, the monomer does not order as much water
in the hydration sphere, and consequently there is less "free" water produced
"on dimerization. Thus, ASt should be negative; i.e., one is not getting all

the positive AS contribution from the changes in the hydration sphere as
occurred in the absence of methanol. As the temperature increases, the order-
ed water in the methanol-water solutions "melt." So at higher temperatures,
the methanol has less influence on the hydration sphere, and the AS in
methanol-water is closer to the AS in pure water. This is reflected in a
positive AC and in ASt tending toward zero.p

Abel's hypothesis would predict that any alcohol will be equally effective
in disaggregating the CoTSPC while our own view would suggest that the
disaggregation is proportional to the structure-making ability of the alcohol.
For a given mole fraction of alcohol, we would predict that longer-chain
alcohols will be more effective than methanol, based on the effect of alcohol
on the excess volumes of mixing. 68

Another test of Abel's hypothesis is suggested from figure 19, a plot
of free energy versus temperature for different amounts of methanol. The
curves for 0.44 mole percent methanol and water appear as if they will cross
at a higher temperature, suggesting that small amounts of methanol will
stabilize the dimer at such a temperature. Similar behavior has been report-
ed for micelles; 12 alcohol normally raises the critical micelle concentration
(CMC), but it has been shown that small amounts of alcohol can lower the
CMC at certain temperatures. Under Abel's hypothesis, it would be im-
"possible for alcohol to give a larger value of K than that in pure water.

4. CONCLUSION

"Aggregation of CoTSPC in methanol-water solutions has a positive heat
capacity of dimerization that is linearly dependent on temperature. Similiar
behavior was observed in the denaturation of proteins in alcohol-water mix-
tures, which was ascribed to the effect of alcohol on hydrophobic bonding.
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APPENDIX A

DFTERMINATION OF THE METHANOL CONTENT IN THE
METHANOL-WATER SOLUTIONS

Methanol-water solutions were made up by pipetting appropriate volumes
of methanol into a 100-ml volumetric flask. In order to determine the mass
of methanol delivered from the pipettes, aliquots of methanol were transferred
into 10-ml Erlenmeyer flasks where results of these experiments done in
duplicate are listed below.

Table A-1. Mass of Methanol Delivered

Mean mass, and sample
Pipette MeOH mass standard deviation

Ml gm gm gm SD

1 13.06673 13.81173

12.28113 13.02735

0.78560 0.78338 0.7845 ±0.0016

2 16.17825 14.71410

14.61249 13.15160

1.56276 1.55650 1.560 ±0.0044

4 17.33276 16.51994
14.19039 13.36935

3.14237 3.15059 3.146 ±0.0058

5 17.49474 17.55331

13.56523 13.61755

3.92951 3.93576 3.933 ±0.0044

9 19.11314 20.50214
12.04081 13.43985

7.07223 7.06229 7.067 ±0.0071

10 27.04200 25.07171
19.21609 17.22409

7.82591 7.84762 7.837 ±0.015
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The densities of the methanol-water solutions were determined by
weighing 5-ml aliquots in a 10-ml Erlenmeyer flask. The volume delivered
by the 5-ml pipette was determined by measuring the mass of water delivered
at 25.20 C. The results of triplicate runs are shown below.

1. 17.95408 2. 17.70405 3. 17.67612
12.97667 12.72245 12.70361

4.97744 g 4.98160 g 4.97251 g

mean mass of water = 4.97718 ±0.0046 g

density of water at 25.20 C = 0.9970 g/mli

volume of pipette = 4.9922 ml

The determination of the density and volume of the methanol-water solu-
tions are summarized below along with the identity of the pipettes used to
make these solutions.

Table A-2. Density of Methanol-Water Solutions

Nominal Volume of Mass of 5-ml

Volume Pipette Solutions Aliquot Density

ml ml g g/ml

1 1 99.99 4.97485 0.9965

2 2 99.85 4.961.93 0.9939

4 4 99.98 4.94865 0.9913

6 4 + 2 99.97 4.93301 0.9881
8 4 + 4 99.98 4.91459 0.9845

9 9 99.95 4.90222 0.9820

10 10 99.97 4.91079 0.9837

12 12 + 2 99.81 4.89381 0.9803

15 10 + 5 99.85 4.86768 0.9751

20 10 + 10 99.82 4.83549 0.9687

To test the precision in the preparation of the methanol-water solutions,
duplicate solutions were made of the 1-, 4-, and 6-ml methanol solutions
(triplicate solution was made of 4), and the densities determined as above.

These results are summarized in table A-3. Determination A refers to the
densities listed in the above table.
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Table A-3. Precision of Density Measurements

MeOH Solution Density,g/ml
Trial A B C

Ml

1 0.9965 0.9967

4 0.9913 0.9911

6 0.9881 0.9879 0.9888

Based on these results, duplicate density measurements were not
made on the solutions.
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VARIOUS TEMPERATURES

57



BLANK

58



-JI

6 0
4. C -W

'4l C;C 0 0 0

0

t- "4 - L- 0) 4C 00
W Cn m - m~ m00 r'. In 0

p 0

ý C-3 CI -; '-4 0 0 0 0 0 0

a0

14 0

to -4 -400 C tO0

Wq LM M0M0 0 40

4-l

0

V

0D 4=.Q

*a - =o -~CD ~c~

~ in t - 4 -40 -4 in

000000ix 0

5



~~C4

:1 14- -4

ell co ( 01 9 U l
--4 I'l qo0 0 D000

to

00 4) M0 m0

C4'- -4LMto 00 0 0 000"Mc

i C

Ci I *1i I l

4 w-4

(60



oo ao C) 4 C 4 ; -W -4 .-e i
-q mI. 4 cm e- q w m. 0C4

o . ; . . ; =; C

1~0 intI

CD 1 w -4 n10 m4

pP wj m ~ 0 '. CD C4 Yr to

00

.' .4- . . .

Apeni B6



.d4.

Ao

co0

to

W~n r2 C,3 C g 04
co4

ca on c0C I~I00

0

1

C Cý

*00 "4 a CD 10

a-.• In 0 c o 0 0 '-

IC

4.o
0

-4,00

Appendix B 62

• -.- I- - -, . . . . . . • o . . .. .. . . . ..
÷•r• • '• • ,, ,• • - • • ,• .'- 'v . • :• ,'• -. ' •'w , , 0- "- ' - m .f C- ,'• C3 "- 4 ", 0 . "' . " . - ' , -' , . - " • -' . . '



00

C) 4ý w C1 t- -W m W Q ~ m i to 4 o

4p CD) w o s 4'3t

4-.'en
UU

4-.4

0 tO C~l l C~ -4 -'0

(Z Iz 0 C) C) 4= -'-'00D

05

I m ! W lq IR
o 0000 Cý 4 C-; C; C 0W Oý a; :

t- 000 ~'l ~ Cq U' I

Appndi 00 0 00B

06



ii CC 2 o ý1
- o4 n 0414 C

00

to l O Il C t ~ -

C11- @r (D 00 mO M t% LM

Appendix
to n ~ c - ~- 6-4



APPENDIX C

SLOPE OF PLOT OF in(K) VERSUS ln(H20) FOR
CoTSPC, DIMERIZATION IN METHANOL-WATER SOLUTIONS
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APPENDIX D

RESULTS OF APPLYING BLANDAMER'S METHOD TO
VARIOUS METHANOL-WATER SOLUTIONS
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